Site-directed mutagenesis of the T4 endonuclease V gene: the role of arginine-3 in the target search.
Endonuclease V, a pyrimidine dimer specific endonuclease in T4 bacteriophage, is able to scan DNA, recognize pyrimidine dimer photoproducts produced by exposure to ultraviolet light, and effectively incise DNA through a two-step mechanism at the damaged bases. The interaction of endonuclease V with nontarget DNA is thought to occur via electrostatic interactions between basic amino acids and the acidic phosphate DNA backbone. Arginine-3 was chosen as a potential candidate for involvement in this protein-nontarget DNA interaction and was extensively mutated to assess its role. The mutations include changes to Asp, Glu, Leu, and Lys and deleting it from the enzyme. Deletion of Arg-3 resulted in an enzyme that retained marginal levels of AP specificity, but no other detectable activity. Charge reversal to Glu-3 and Asp-3 results in proteins that exhibit AP-specific nicking and low levels of dimer-specific nicking. These enzymes are incapable of affecting cellular survival of repair-deficient Escherichia coli after irradiation. Mutations of Arg-3 to Lys-3 or Leu-3 also are unable to complement repair-deficient E. coli. However, these two proteins do exhibit a substantial level of in vitro dimer- and AP-specific nicking. The mechanism by which the Leu-3 and Lys-3 mutant enzymes locate pyrimidine dimers within a population of heavily irradiated plasmid DNA molecules appears to be significantly different from that for the wild-type enzyme. The wild-type endonuclease V processively incises all dimers on an individual plasmid prior to dissociation from that plasmid and subsequent reassociation with other plasmids, yet neither of these mutants exhibits any of the characteristics of this processive nicking activity.(ABSTRACT TRUNCATED AT 250 WORDS)